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Abstract: Ethanol is a widely produced fuel, as well as a fuel additive. Its price is closely related to
the price of gasoline, its major substitute. This paper focuses on the impacts of the related variables
on regional ethanol prices. Additionally, the length of the price dataset made it possible to isolate
the impacts of COVID-19 on the ethanol prices. Using multiple regression and Confirmatory Factor
Analyses, we found no significant correlation between the European and US ethanol prices because
the major influencing factors were regionally different. In the case of the European ethanol markets,
the positive factors were wheat, maize, and potassium chloride prices, while the European sugar and
diammonium phosphate prices were negative. In the US markets, gasoline, sugar, and most of the
artificial fertilizer prices were positive, while wheat prices were negative. Based on factor analysis,
artificial fertilizers and maize factors proved to be important to the European markets, while US
ethanol prices were driven by the crude oil-gasoline and raw materials factors. The COVID variable
showed no significant connection with the EU prices, but negatively affected the US ethanol prices.
This is explained by the different market characteristics, as the US is not only the major consumer,
but also the major producer of the different oil products. Therefore, COVID-19 had a double effect on
their oil and ethanol markets.
Keywords: ethanol; oil; price analysis; correlation; COVID
1. Introduction
The fossil energy resources of the Earth are finite, and their continued use causes evermore damage
to the environment through global warming and pollution [1]. Within a very short period of time,
humanity must switch to the use of renewable energy sources, preferably by incorporating the concept
of a circular economy, with as little further waste and degradation to soil, water, and air as possible [2–4].
Energy is a key issue in the world economy, especially in the transportation sector. As of this moment
in time, biofuels show great promise as direct fuel substitutes. Currently, first-generation production
methods are in use. Although second-generation production technologies are already available in an
immature state, they are expensive compared to the first-generation technology. The International
Energy Agency (IEA) has highlighted the importance of biofuels and ethanol in particular: “Modern
bioenergy is the overlooked giant of renewables. Bioenergy is particularly important in decarbonizing
transport and there is untapped potential for bioenergy in the transport sector. Biofuels are a leading
Energies 2020, 13, 5614; doi:10.3390/en13215614 www.mdpi.com/journal/energies
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pathway to decarbonize transport. Biofuels and electric mobility are complementary options in
decarbonizing transport. There is significant untapped potential in ethanol” [5].
The ethanol industry, and thus the demand for ethanol, is mostly driven by the mandatory
blending mandates. This links the use of ethanol directly to that of gasoline, so their prices should
normally move together. The major issue with the ethanol industry is the product price and its
influencing factors. The former determines the price competitiveness of the ethanol, while the latter
shows any factors which have a measurable impact on the ethanol prices. In this article, we included
crude oil prices (West Texas Intermediate WTI and BRENT), conventional (New York Harbor & Gulf
Coast) and regular gasoline prices, related raw materials and commodity prices (corn, wheat, barley,
and sugar), and prices of different artificial fertilizers. Our initial hypothesis was straightforward.
The major impact of COVID-19 was reduced mobility, which directly decreased gasoline use. Lower
demand, ceteris paribus, results in lower prices. In an extreme case, this could be even negative
as experienced in April [6]. Lower gasoline prices negatively influenced the raw material prices
through the loss of a significant part of demand. Researchers, as well as research institutions, expected
the same price movement, although to a different extent [7,8].
Our research aims were to provide an overview of the major ethanol markets (the US and the
EU) and to identify their most important driving forces. More specifically, we determined the key
variables of the regional price changes and measured their impacts on the ethanol prices. The major
contribution of this article to the existing literature is the use of real price data, which made it possible
to separate the impacts of the COVID-19 pandemic on the ethanol prices. This is a logical continuation
of the corresponding articles in this field based on modelling results and different forecasts.
First, we introduce the most relevant tendencies of the global market of ethanol, of oil, and of the
most important raw materials (maize, sugarcane). Then, we examine the correlations of their prices
and the previous literature about the effects of COVID-19 on these markets. Following this, we analyze
the connections between the EU and US ethanol prices, as well as the impacts of their major influencing
factors. The effects of COVID-19 on the ethanol prices were estimated by factor analysis. The final
chapter concludes our findings.
2. Literature Review
2.1. Global Ethanol Markets
The global biofuel market substitutes 2.32–5% of oil consumption using 71 million hectares of arable
land [9,10]. Within the biofuels, ethanol production is more significant than biodiesel, with ethanol
production reaching 110 billion liters in 2018. Its major producers are the US (2018: 54% share, the major
raw material is corn) and Brazil (2018: 30% share, the major raw material is sugarcane) [11]. The share
of further, nonfood-based, second-generation ethanol production is negligible (0.4%, 0.4 billion l/year),
although this is expected to increase remarkably in the future, e.g., it may double by 2023 [12–15].
This results in different raw materials, most notably agricultural co-products. These are cobs and stover
in the US and China, sugarcane bagasse and straw in Brazil, and molasses in India. Approximately
80% of globally produced ethanol is used as fuel, followed by food, pharmaceutical, and cosmetics
industrial purposes [16,17].
Global ethanol production has increased almost continuously with the exception of 2012, due to
the high sugar prices. This growth slowed in the last 5 years to 2% per year on average [11].
The major cost item of the corn-based ethanol production is the raw material, which reached up
to 59%, based on the 13-year Iowa State time period [18]. Excluding depreciation, this share went up to
85–95%, which proves that depreciation is the second largest cost item in the ethanol industry, due to the
high initial investment need. Changes in the price ratio of maize and ethanol are subject to significant
uncertainty, and this fundamentally determines the profitability of ethanol production (Figure 1).
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Figure 1. Connections between the major factors of the ethanol price. Source: [19]. 
Ethanol production provides not only additional demand for the maize production, e.g., 40% of 
the total maize production in the US is used for ethanol production, but also results in high value-
added products. The price of ethanol in the US is 55% higher than the price of maize, due to the use 
of the dry milling process. The major items of this surplus are the coproducts that can be used in the 
livestock industry as a valuable and relatively cheap forage. Employment is another economic 
contribution that comes from the ethanol industry. In the US, every 1 million liters of ethanol 
produced results in six workplaces, increases the GDP and governmental taxes by USD 754,000 and 
USD 164,000, respectively [11]. 
The major coproduct is the distiller’s dried grain with solubles (DDGS) that is priced favorably 
when compared to either maize or soybean meal prices (Figure 2). 
 
Figure 2. Evolution of maize, distiller’s dried grain with solubles (DDGS), and soybean meal prices. 
Source: [19]. 
According to market forecasts, the ethanol market is estimated to reach USD 33.7 billion in 2020. 
This is expected to double by 2025, with a 14% Compound Annual Growth Rate (CAGR), resulting 
mainly from the spread and increase of mandatory blending objectives [20]. This is supported by the 
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Ethanol production provi nly a ditional demand for the maize production, e.g., 40%
of the total maize productio in the US is used for ethanol pr duction, but a so results in high
value-a ded products. Th price of ethanol in the US is 55% igher than the pr c of maize, du to
the use of the dry milling process. Th ajor items of this surplus are the coproducts that can be
used in the livestock industry as a valuable and relatively cheap forage. Employment is another
economic contribution that co es from the ethanol industry. In the US, every 1 million liters of ethanol
produced results in six workplaces, increases the GDP and governmental taxes by USD 754,000 and
USD 164,000, respectively [11].
The major coproduct is the distiller’s dried grain with solubles (DDGS) that is priced favorably
when compared to either maize or soybean meal prices (Figure 2).
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According to market forecasts, the ethanol market is estimated to reach USD 33.7 billion in 2020.
This is expected to double by 2025, with a 14% Compound Annual Growth Rate (CAGR), resulting
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mainly from the spread and increase of mandatory blending objectives [20]. This is supported by the
low production costs (USD 0.180–0.79/L) that make production typically competitive with both the
oil (September 2020: BRENT: USD 0.3/L) and biodiesel costs (USD 0.670–0.9/L) when sugarcane and
maize are used as raw materials [5,21–23]. However, the approximately 30% lower energy density of
ethanol should be taken into account.
The exportation of maize and sugarcane negatively impact ethanol production [24]. Due mainly
to the environmental regulations and the limited quantity of raw materials, the share of further ethanol
generations (e.g., cellulose-based) is expected to grow [25,26].
Ethanol prices differ remarkably in the EU and in the US, as different raw materials and technologies
are used. Regarding the EU, the average price in the last 5 years was USD 0.54/L and showed a slight
increase during the analyzed period. Meanwhile, in the US, the average price was only USD 0.32/L
and showed a decreasing trend (Figure 3). The average price difference is 40% (between 22% and 66%),
which influences their competitiveness on the regional ethanol markets. Another important trend is
the widening price gap between these two regional markets.
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2.2. The Impacts of Oil Market on the Ethanol, Maize and Food Prices
Energy is a strategic product, which, in this decade, has had a yearly 1.5% average consumption
growth rate [28]. Oil fulfills a major part of the current global energy requirements. Its production
increased in the last two decades, and reached 5.5 trillion liters in 2019, while consumption has also
increased over the years and was 5.8 trillion liters within the same year [29]. Due to the COVID-19
pandemic, which reduced mobility, consumption is expected to decrease to 5.3 trillion liters in 2020 [30].
This has a significant impact on the prices, as well as on the development of the world economy.
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Long-term forecasts anticipate further growth of the global demand (8.1 trillion liters in 2040), especially
in developing countries [31]. According to Van der Ploeg (2011) [32], oil-rich countries generally have
a low GDP/capita value, due to the lack of diversification, price fluctuations, political rent-seeking,
and geopolitical risks. Majumder et al. (2020) [33] argued that trade liberalization would greatly reduce
the impacts of this resource.
Changes in oil prices showed a high correlation with food prices up until 2017, while they moved
in the opposite direction in 2017 and 2018 (Figure 4). Alghalith (2010) [34] found that the increase
of the oil price by UD 1 resulted in a 5.6-point-higher food price index on average.
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Nazlioglu (2011) [35] found that oil prices have a nonlinear relationship with not only the price of
food, but also with maize and soybean prices, using nonlinear causality analysis. He also argued that
oil prices can forecast the price of food. However, it should be noted that only 15% of the food price
is the cost of raw material in the US [11], but food price changes are the major food security risk in
developing countries [36].
Trujillo-Barrera et al. (2012) [37] found a weaker connection between oil and maize prices than
between maize and ethanol prices in the US. Natanelov et al. (2013) [38] pointed out that the latter was
also strengthened by the US governmental fuel policy in the analyzed 2006–2011 period. The variability
of the maize prices was greater than that of the ethanol or crude oil prices (Figure 5). This was caused
by the significant maize demand of the ethanol industry and the relatively high oil prices, which made
ethanol production competitive.
Dong (2019) [39] analyzed the long-term connection between oil and maize prices (Figure 6).
According to his results, (1) oil prices had a one-way impact on maize prices, (2) the technological
developments strengthened this connection and decreased the growth of maize prices, (3) there is
a certain oil price limit where this connection disappears, and (4) this is the reason why changes in oil
prices impact food prices.
Bahel et al. (2013) [40] stated that the major limitation of ethanol production in the 1990s was
the low price of oil, but this accelerated in 1999–2008 due to the significant increase of the price of
oil. They also pointed out that the main reason for the positive correlation between the biofuels and
food prices is the rivalry for the limited area of arable land. The inelastic demand for food and the
efficient use of arable land decrease the price of food in the short run, but the depletion of fossil energy
resources increases food prices in the long run.
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2.3. The Major Raw Materials of Ethanol Production
Almost 60% of ethanol is produced from maize, 25% from sugarcane, 7% from molasses, 4% from
wheat, and the rest from other cereals, manioc, or sugar beet [41]. The raw material used is determined
by the climate conditions of the given country or region. Manochio et al. (2017) [42] found that
sugarcane-based ethanol production is 50–60% cheaper than that of maize-based production. They also
highlighted that economically, sugarcane seems to be the best option, but significant governmental
support can also make maize or sugar beet competitive, especially in the EU and the US [42]. This is
the reason why the US has become the world’s major ethanol producer.
Another important aspect is the use of fertilizer. Its price shows a rising trend, mostly due to the
fluctuations in the price of natural gas and the increase of production of maize ethanol [43]. Higher
maize yields are directly linked to the higher use of fertilizer. According to Ott (2012) [44], there is
a strong correlation between the prices of fertilizer and food, but food prices affect fertilizer prices,
not vice versa. Higher food prices cause a higher demand for fertilizers. Energy is a key input in the
Energies 2020, 13, 5614 7 of 22
production of fertilizers (mainly in case of nitrogen fertilizers), so the volatility of oil prices has a great
influence on fertilizer costs and prices [44].
Mojovic´ et al. (2009) [45] found that the conversion rate of sugarcane is only one-fifth or one-sixth
than that of maize or wheat, but due to its exceptionally high yield and low production cost, this raw
material results in a cheaper ethanol production cost and lower area needs, as well as greenhouse gas
(GHG) emissions.
The major characteristics of the two most important raw materials, maize and sugarcane, are organized
in two subchapters.
2.3.1. Maize
The expected maize production area in 2020 will be 196 million hectares globally with 5.9–6.0 tons/ha
average yield, which will result in 1170 million tons of production [46]. The US has a key role in global
production. Its global share of more than one-third demonstrates this, with a yield double that of the
world average (Figure 7).
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The increasing US maize production is partly driven by increased ethanol production. According
to the regulations, roughly 40% of the maize production is converted into ethanol and used in gasoline
that has a 10% ethanol content (E10) [48].
2.3.2. Sugarcane
Brazil produced 40% of the global sugarcane in the last couple of years (Figure 8).
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2.4. The I pacts of the C VI -19 Pande ic
It is a fact that the global oil de and decreased significantly this year due to the C I -19
pande ic [51]. According to the IEA oil market report, reduced mobility affected gasoline consumption
and diesel consumption, which is highly related to transport activities, while the aviation sector has
almost collapsed due to the pandemic—in April, the total aviation distance was 80% less than that of
the last year. Bassols and Bassols (2020) [52] stated that the petroleum demand dropped remarkably
due to COVID-19, with demand even being negative during April. Due to this strong correlation,
any measures (e.g., home office) against the further spread of the virus are going to lower oil prices
even further. This scenario, ceteris paribus, makes biofuels production uncompetitive, especially in
countries with higher production costs, which basically means every country with the exception of
Brazil [24]. Although the demand of different oil products increased remarkably from May to August
2020, the second wave of the pandemic has caused significant, regionally different fluctuations in
gasoline markets. This may be particularly true if the members of OPEC (Organization of the Petroleum
Exporting Countries) do not significantly limit their production [30].
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It should be noted that the demand of conventional fuel, in general, is expected to decrease more
than the demand of biofuel, especially in Brazil and the EU [7]. This can be explained by the use of
high-ethanol blends, which have not yet been introduced in the US.
The different impacts of the COVID-19 pandemic were already analyzed on a country/regional
level, and commodity level. Kim et al. (2020) [53] underlined that the coronavirus pandemic increased
food security risks in Asia and the Pacific. According to their study, there was a two-stage impact.
Due to mobility restrictions, labor shortages, and income losses, domestic markets faced decreased
production and consumption. Additionally, this decrease was made more severe by international
export restrictions, which made it difficult to import certain food items. One of their interesting remarks
was the comparison of the COVID-19 pandemic with the food crisis of 2007–2008. While the latter was
more of a demand-side crisis (e.g., rapid global economic growth, increased biofuels production or the
depreciation of the US dollar), the recent crisis is a supply-driven one because of the quarantine and
lockdown measures.
Based on the price reactions, and thereby revenue changes, caused by COVID-19, Hart et al. (2020) [54]
estimated the economic impact of this pandemic on Iowa’s corn, soybean, ethanol, pork, and beef
markets. Iowa is the second-largest US agricultural state. In the case of ethanol, production losses
(lower or even no production) were also taken into account. According to their results, the loss of
the corn sector was about 788 million USD, while 213 million for the soybean, and 2.9 billion USD
for the ethanol sector. The link between corn/soybean and the animal sectors is distillers’ grains
(from corn-based ethanol processing) and soybean meal (from soybean-based biodiesel processing).
As the production of biofuels decreased, the amount of these co-products also decreased, and livestock
producers needed other types of fodder. The aggregated annual damage of the analyzed livestock
sectors was roughly 2.8 billion USD. Country level impact analyses were also published, e.g., Shruthi
and Ramani (2020) [55] on the Indian commodity markets or Barichello (2020) [56] on the Canadian
agriculture and food sector. It can also be seen that the COVID-19 pandemic is an even larger
problem for most of the middle-income countries where agriculture is a more significant contributor to
the GDP [57].
The impacts are different depending on the sizes of the businesses also. According to Shretta
(2020) [58], small and medium-sized firms suffered more from this pandemic, especially those that use
intermediate goods from the affected parts of the world with limited alternative sources.
According to the World Trade Organization, the COVID-19 pandemic is likely to cause a 1332%
fall in world trade [59]. The most heavily affected sector is services. Recovery is expected, but its speed
depends on the length of the outbreak and the impacts of the emergency policy measures applied.
However, forecasts and modelling results seem to be ambiguous at the commodity level. Using the
Aglink-Cosimo model, a recursive-dynamic partial equilibrium model, Elleby et al. (2020) [7] found that
the prices of agricultural commodities decreased sharply during the pandemic. Regarding the derived
products, this decrease is predicted to grow even larger, especially for the biofuels. They anticipated
a 15.9% decrease for biodiesel and a 13.8% decrease for ethanol in 2020. It is worth mentioning that
the price of maize will decrease by only 7.2%, followed by a 9.7% drop in 2021. Price changes will
lead to a production decrease. However, the change of production is expected to be smaller than that
of the prices, due to the inelastic demand for agricultural commodities and the fixed nature of the
production in the short run [7]. At the regional level, the EU and the US will face a higher biofuels’ price
decrease than the other significant producers, Brazil and China. The World Bank’s forecast [8] shows
that agricultural commodities are “pandemic-resistant” due to their lower sensitivity to economic
activity. The difference between these two estimations on commodity price changes, i.e., those by the
authors of [7,8], could be due to the different measurement of the use of the biofuels. Based on the
latest agricultural outlook of the Organisation for Economic Co-operation and Development/Food and
Agricultural Organization (OECD/FAO) [41], the major crops for ethanol production are corn (64%)
and sugarcane (26%). According to that study, global ethanol production accounts for roughly 19% of
the actual sugarcane production and 16% of the corn production. By 2029, the sugarcane production is
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anticipated to grow to 25%, while corn production is expected to decrease to 14%. However, different
policy measures (e.g., export bans) implemented may affect food security. Sperling et al. (2020) [60]
carried out expert interviews and obtained that the recovery process (post-COVID-19) should be
based on the spread of advanced production technologies (e.g., digitalization, precision farming,
or biotechnologies) to achieve a resilient and sustainable food system.
Although the COVID-19 pandemic has caused many problems, these problems have resulted in
the creation of new, innovative solutions. One of the innovative solutions is the use of algae oil (as a type
of biofuel) in nasal sprays, which can possibly prevent the spread of the virus [61]. Another promising
idea is the use of jatropha extract against the coronavirus due to its strong antiviral characteristics [62].
3. Materials and Methods
The research aimed to analyze the major influencing factors on ethanol prices with particular
attention paid to the impact of COVID-19. The most effective way to do this was to use multiple
regression, if the model conditions were met. In regard to the quantity of variables, it could be
useful to examine whether they can be grouped into background variables, which may provide the
opportunity for a more detailed analysis. Similarly to Black-Babin (2019) [63], Ge-Wu (2019) [64],
and Ciulla-D’Amico (2019) [65], we used multiple regression and Exploratory Factor Analyses (EFA)
models. We ran these models with and without the COVID variable to measure the impacts of the
pandemic. This was a dummy variable, and every month before 2020 was coded with 0, while the last
6 months were coded with 1. This provided many advantages by enabling us to measure not only the
direct impact of COVID-19 on ethanol prices, but also the changes in the impact of the other variables
compared to the hypothetical, no-COVID scenario. Miao (2013) [66] modelled the land use change
effects of ethanol plants in the same way.
We used monthly average ethanol prices from Rotterdam and Chicago between August 2015 and
June 2020. Our research explored all the major factors influencing the European and the US ethanol
prices based on the dataset of Platts Europe (2020) [27].
The applied multivariate regression model was the following [67]:
y = β0 + β1x1 + β2x2 + . . . + βmxm + ε (1)
where y is the dependent variable; β1, β2 . . . βm are the independent variables; β0 is the constant;
and ε is the error term.
We verified the parameters with the t-test. Upon further testing of the model, we checked
whether the residues were normally distributed and ensured they did not show heteroscedasticity
and multicollinearity [68]. Since the variables were normally distributed, Exploratory Factor Analyses
(EFA) was used to verify whether these variables can be grouped together or not. According to the EFA,
these groups could be confirmed to be acceptable by different tests. Then, the connection between these
groups and the ethanol prices was analyzed. Instead of principal component analysis (see e.g., [69]),
we used factor analysis, because a certain causal model could be identified in the background [70,71].
The following steps were carried out during our analysis:
1. Bivariate correlation analysis for identifying the connections between the variables;
2. Multiple regression using all the variables, and a separated regression model with and without
the COVID variable;
3. Identification of the background variables with CFA;
4. Multiple regression with the verified factors as independent variables with and without the
COVID variable.
The identified factors were:
1. Crude oil prices (WTI and BRENT) (Source: EIA, 2020 [72])
2. Gasoline prices (Source: EIA, 2020 [72])
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a. Conventional gasoline prices, New York Harbor
b. Conventional gasoline prices, Gulf Coast
c. Regular gasoline prices
3. Grains (Source: World Bank Commodity Price Data (Pink Sheet Data), 2020 [73]):
a. Wheat prices
b. Barley prices
c. Maize prices
4. Sugar prices (European, US, and world prices) (Source: World Bank Commodity Price Data (Pink
Sheet Data), 2020 [73])
5. Prices of different artificial fertilizers (Source: World Bank Commodity Price Data (Pink Sheet
Data), 2020 [73])
Our variables showed a normal distribution at a 5% significance level, which was considered
favorable for the analysis. We tested normality with the Kolmogorov–Smirnov test.
Using the COVID variable, we obtained a categorical variable in our model. This was in line with
our initial hypothesis that the change in the price of ethanol could also be explained using qualitative
variables [73]. Due to this dummy variable, our model changed to the following form:
Y = α + β1D1 + β2X + β3Z + e, (2)
where D is a bivariate (0 and 1) variable, while X is a non-bivariate variable. Moreover, a Z variable
was also created, and Z = DX.
Implementing interactions between the bivariate and non-bivariate variables, we obtained different
curve slopes. We had two different regressions for D = 0 and D = 1 cases, suggesting that they had
different axis touching points and curve slopes. This implies that the marginal effect of X on Y is
different when D = 0 and D = 1 [74]. Nonparametric correlation analysis also indicated the different
nature of the variables (bivariate and non-bivariate). In the case of scale variables, Pearson correlation
was applied.
In the factor analysis model, we assumed that our variables could be described by a linear
combination of the factors (hypothetical background variables). Initially, the Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy and Bartlett’s test of sphericity with oblimin rotation were
used to test the null hypothesis that the variables are uncorrelated in the population. We used SPSS 25
software for the calculations.
4. Results and Discussion
4.1. Interrelations between the Variables
Both Rotterdam and Chicago prices showed normal distribution (p ethanol EUR = 0.250; p ethanol
US = 0.877) based on the Kolmogorov–Smirnov test. Table 2 summarizes the descriptive statistics of
the two price data sets (Rotterdam—EU, and Chicago—US).
According to our results, there was no significant correlation between the European and the US
ethanol prices (p = 0.447). The same diverse results were found when including the other factors in this
analysis. The European ethanol prices showed a significant positive correlation with wheat and maize
prices, as well as potassium chloride prices, but showed a negative correlation with the European
sugar and diammonium phosphate (DAP) prices.
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Table 2. Descriptive statistics of the price datasets.
Ethanol EUR (Rotterdam) Ethanol US (Chicago)
N 59 59
Range 251.26 84.78
Minimum 435.94 90.15
Maximum 687.20 174.93
Mean 543.28 142.29
Standard Error of Mean 8.73 1.92
Standard Deviation 67.09 14.72
Variance 4500.88 216.80
Skewness 0.14 −0.87
Standard Error of
Skewness 0.31 0.31
Kurtosis −1.04 1.95
Standard Error of Kurtosis 0.61 0.61
Coefficient of Variation 0.123 0.103
The US ethanol prices indicate a significant positive correlation with gasoline and US sugar
prices, while they negatively correlated with wheat prices. Regarding artificial fertilizers, phosphate
rock (r = 0.40) and urea, (r = −0.34) showed a positive correlation with ethanol prices. These results
correspond with the findings of Dong (2019) [39] and Trujillo-Barrera et al. (2012) [37] regarding maize
and ethanol interactions (Table 3).
Table 3. Relations between ethanol prices and their major influencing factors.
Variables
Ethanol Price EUR/m3 Ethanol Price USDcent/US Gallon
r p r p
Ethanol price EUR/m3 0.101 0.447
Ethanol price
USDcent/US gallon 0.101 0.447
Crude oil RWTC (WTI) −0.066 0.619 0.196 0.136
Crude oil RBRTE (BRENT) −0.019 0.888 0.093 0.483
Conv gasoline NY Harbor −0.060 0.653 0.312 0.016
Conv gasoline Gulf Coast −0.080 0.547 0.302 0.020
RBOB Regular Gasoline 0.066 0.617 0.282 0.031
Wheat, US SRW 0.401 0.002 −0.510 <0.0001
Wheat, US HRW 0.072 0.586 −0.615 <0.0001
Barley 0.084 0.525 −0.207 0.115
Maize 0.418 0.001 0.183 0.165
Sugar price $cent/pound −0.068 0.611 0.552 <0.0001
Sugar, EU $/kg −0.516 <0.0001 −0.086 0.515
Sugar, US $/kg 0.032 0.811 0.385 0.003
Sugar, world $/kg −0.065 0.625 0.568 <0.0001
Phosphate rock 0.035 0.794 0.398 0.002
DAP −0.318 0.014 −0.035 0.791
TSP −0.126 0.340 −0.019 0.886
Urea 0.128 0.335 −0.343 0.008
Potassium chloride 0.408 0.001 0.118 0.372
Legend: RBOB—Reformulated gasoline Blend stock for Oxygen Blending; SRW—Soft Red Winter (wheat);
HRW—Hard Red Winter (wheat); DAP—Diammonium phosphate; TRP—Triple Super Phosphate. Note: The table
presents correlation coefficients (r) between the selected variables and the ethanol prices. Their confidence levels are
represented by the “p” values. Bold values are acceptable at a 5% significance level (p < 0.05).
One of the most interesting results was the impact of the COVID dummy variable on the different
ethanol price series. This showed no significant connection with the EU prices, but negatively affected
the US prices even at a 99.99% confidence level (Table 3).
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The COVID-19 pandemic, in general, resulted in price decrements of the analyzed variables.
This decrease was particularly steep for gasoline, triple super phosphate (TSP), and phosphate rock
prices. However, it should be noted that the pandemic significantly increased wheat prices. This could
be explained by the population’s panic buying, which caused flour shortages in some countries,
e.g., Hungary. This is supported by the results found by Lucas and his coauthors (2020) regarding
the middle-income EU countries [57]. Another possible reason for the decrease could be the rise
of food security risk in the case of the least developed countries, based on the statements made by
Kim and his coauthors (2020) [53]. Moreover, we argue with the World Bank’s forecast on pandemic
resistance [8]. Although their findings are generally acceptable, ethanol production uses a significant
part of sugarcane and maize production, so lower gasoline and ethanol demand is likely to result in
price pressure at the commodity level. However, we agree with Elleby et al. (2020) [7] that this price
change will be smaller for the raw materials than for ethanol.
4.2. Multiple Regression with and without the COVID Variable
The European ethanol model included the prices of regular gasoline, soft wheat (SRW), hard
wheat (HRW), and sugar. The correlation analysis has already shown that there was no significant
relationship between the European ethanol prices and the COVID variable. This was strengthened
by the results of the multivariate linear regression (MLR) and the analysis of covariance (ANCOVA)
models. As seen in Table 4, all of the parameters of these models were similar. According to the results,
regular gasoline and soft wheat prices increased ethanol prices, while hard wheat and sugar prices
decreased them. As ethanol is mostly blended with gasoline, their prices normally move together. Soft
wheat is partly used as a raw material for ethanol production, which explains its positive parameter.
The food industry mostly uses hard wheat. Its negative impact on the ethanol prices may come from
the quality of the hard wheat. Our assumption is that its quality was lower while its quantity was
higher in the analyzed period, and the higher supply resulted in lower prices. This could be the reason
for its negative impact on the ethanol prices. The world production increased three times (2015, 2016,
and 2017) in the last available 4 years [47]. Hard wheat production is normally higher. The US has a
60% share of the hard wheat production and is the largest exporter of wheat in the world [46]. The price
of sugar has a negative impact on ethanol prices because sugarcane can be used for both ethanol and
sugar production. Higher sugar prices result in higher sugar production. Therefore, less raw materials
are available for ethanol production.
Table 4. Major influencing factors of European ethanol prices.
Variables MLR Pr > |t| (MLR) MLR (COVID) Pr > |t| (MLR(COVID))
Intercept 1095.3648 <0.0001 1072.4801 <0.0001
RBOB Regular
Gasoline 60.7157 0.0018 62.8380 0.0017
Wheat, US SRW 2.8346 <0.0001 2.8133 <0.0001
Wheat, US HRW −1.7083 0.0091 −1.6998 0.0096
Sugar, EU $/kg −2414.6357 0.0002 −2352.2514 0.0002
Note: According to the multivariate linear regression model, Reformulated gasoline Blend stock for Oxygen
Blending regular gasoline, Soft Red Winter wheat, Hard Red Winter wheat, and sugar prices influenced European
ethanol prices. All these variables are significant even at a 1% significance level (t < 0.01).
Based on the standardized results, wheat prices had the highest price impact on European ethanol
prices, while regular gasoline had the lowest (Figure 9).
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Figure 9. Impacts of the significant variables on the European ethanol price. S urce: Authors’ composition
based n the price atasets.
The US ethanol prices chan e i iffere t ices. Unlike in
the EU, crude oil and conventional s li r ter i pact on the ethanol
prices (Table 5). The negative i pact f lf li is s rprising, but there is a
complicated, nonlinear price fluct ti i li i . herefore, they do not nece sarily
move together [75]. I e f t iff r t r r ts as already proven in many cases,
e.g., market decoupling between oil and gas in the US wholesale market [76]. There are many different
reasons behind this, such as the composition of gasoline sales, different blending mandates, and/or tax
differences. Regional price differences driven by the inventory stocks and refinery capacities can also
be important [77]. As maize is the major raw material of the US ethanol production, it has a significant
positive impact on the price of ethanol. Soft wheat did not turn out to be significant. However, hard
wheat had the same, negative impact in the case of the US. Besides these variables, barley and urea
were part of the models, and both had a negative impact on the ethanol prices.
Table 5. Major influencing factors of US ethanol prices.
Source MLR Pr > |t| (MLR) MLR (COVID) Pr > |t| (MLR(COVID)
Intercept 87.0870 <0.0001 127.6584 <0.0001
Crude oil RBRTE (BRENT) −0.8451 0.0004 0.0000
Conv gasoline NY Harbor 25 < .0001 0.0000
Conv gasoline Gulf Coast 55.4384 0.0112 0.0000
RBOB Regular Gasoline 0.0000 13.6006 0.0003
Wheat, US HRW −0.3325 <0.0001 −0.2893 <0.0001
Barley −0.3166 0.0015 −0.3267 0.0050
Maize 0.7582 <0.0001 0.6606 <0.0001
Ure −0.0677 0. 483 −0.0987 . 04
COVID-19 −15.0377 0. 0147
Note: According to the multivariate linear regression model, BRENT crude oil, conventional gasolines, Reformulated
gasoline Blend stock for Oxygen Blending regular gasoline, Hard Red Winter wheat, barley, maize, and urea prices
influenced US ethanol prices. These variables are significant mostly at a 1% significance level (t < 0.01). The modified
linear regression model contained the COVID-19 dummy variable, which turned out to be significant almost at a
0.1% level (t = 0.00147).
Energies 2020, 13, 5614 15 of 22
Regarding the MLR model with the COVID variable, the most spectacular result is the strong
positive impact of the price of regular gasoline, while crude oil and conventional gasoline prices showed
no impact on the price of US ethanol. In this model, the COVID-19 variable became significant with a
strong negative impact on the ethanol prices, decreasing the monthly prices by USD 0.15 on average.
Using standardized coefficients, COVID-19 enlarged the price impact of maize as seen in Figures 10
and 11. This is in line with our initial expectations. Another implication of the pandemic is the
significant negative impact of hard wheat and barley prices on US ethanol prices.
According to the facts, the pandemic hit the US more than the EU. Even though there is only
a limited dataset available at this moment (the first 6 months of 2020), this impact could have been
identified and proven by the regression and the two other models (MLR, MLR with COVID variable).
This result is a supplement to Kim et al. (2020) [53], whose statements referred to the Asian and
Pacific regions.
The major reason behind the different COVID-19 effects on these regional markets is their different
characteristics. The US is not only the major consumer of oil and, via the mandatory blending mandate,
ethanol, but also its major producer. COVID-19 resulted in lower mobility, which greatly decreased fuel
consumption, as well as the production of fuel. The whole process was even amplified by the sharp
depreciation of the US dollar against the euro at the end of February and the beginning of March [78].
This made US oil products cheaper for European consumers.
This drop of demand put the whole oil refinery sector under pressure with no significant
alternatives for using the inventory of oil currently on hand. The high pressure on the storage capacity
of oil led to a price of USD −37.63/barrel on 20 April 2020 [6]. As the EIA reported, US crude oil
production was historically low in May, below the monthly production of the last 2.5 years [79].
They expect no significant increase in production in the close future, due to the difference between the
lower production of the existing wells and the new drilling activities. Moreover, reduced vehicle use
has a much higher impact on US consumption, as the fuel efficiency is historically lower in the US than
in the EU [80].
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Figure 10. Impacts of the significant variables on the ethanol price with COVID. Note: The blue bars show
the average values, while their lines indicate the minimum/maximum intervals of the coefficients analyzed.
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4.3. Factor Analysis
The Kaiser-Meyer-Olkin Measure of Sampling Adequacy, Bartlett’s Test of Sphericity, and the
correlation and anti-image correlation matrix verified that the confirmatory factor analysis (CFA) were
carried out (Table 6).
Table 6. Sampling adequacy for the fa or a alysi .
Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.725
Bartlett’s Test of Sphericity
Approx. Chi-Square 1748.970
df 153
Sig. 0.000
The final model consisted of four factors with oblimin rotation and 81.7% value of the Extraction
Sums of Squared Loadings (Table 7).
Based on the pattern matrix, we identified the following four factors:
1. First factor: Crude oil and gasoline.
2. Second factor: Raw materials (maize excluded).
3. Third factor: Artificial fertilizers.
4. Fourth factor: Maize.
These factors cover most of the initial variables except for urea and potassium chloride. Similar to
the case of the individual variables, regression analysis was also carried out for the factors. According
to our results, the European ethanol prices were driven by the third and fourth factors, while the US
prices were determined by first, second, and fourth factors (Table 8).
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Table 7. Results of the factor analysis.
Factor
1 2 3 4
Conv. gasoline Gulf Coast 1.017 0.128 0.014 −0.014
Conv. gasoline NY Harbor 1.004 0.100 0.038 0.003
Crude oil RWT CWTI 1.000 0.049 −0.003 −0.012
Crude oil RBRTE BRENT 0.963 −0.069 −0.018 −0.005
RBOB Regular Gasoline 0.896 0.034 0.094 0.125
Sugar World $/kg 0.104 0.896 0.034 0.065
Sugar price $cent/pound 0.070 0.970 −0.275 0.064
Wheat US HRW 0.079 −0.876 −0.140 0.045
Wheat US SRW −0.040 −0.784 −0.272 0.324
Sugar US$/kg 0.073 0.782 −0.345 −0.034
TSP 0.149 −0.119 0.914 0.039
DAP 0.192 −0.113 0.876 −0.124
Phosphate rock −0.257 0.487 0.698 0.391
Maize 0.346 −0.128 −0.065 0.769
Legend: DAP: Diammonium phosphate, TSP: Triple superphosphate.
These results are different from the previous, individual variable-based analysis. The factor-based
analysis suggests that the major influencing factors of the European ethanol prices were the artificial
fertilizers prices and maize prices (Figure 12), while the previous analysis was dominated by the wheat
and sugar prices. This may be explained by the significant, but lower contribution of the maize and
artificial fertilizers (or the higher contribution of the wheat and sugar) to the explanatory power of the
individual regression model (Table 3). However, the COVID variable was not significant, even in the
factor-based model. This strengthens our major findings, namely, the COVID-19 pandemic did not
influence the European ethanol prices. These statements may be novel when compared to the currently
known literature.
Regarding the US ethanol prices, the factor-based results are similar to the previous, variable-based
model. Fuel, raw materials, and maize prices became part of the influencing factors, corresponding
with the results found by Elleby et al. (2020) [7]. The significance of the so-called COVID impact was
also strengthened, as that variable affected the US ethanol prices. The factor-based model contained
only raw materials and COVID as significant factors (Figure 12).
Table 8. Factor-based models of the ethanol prices.
Ethanol EUR
Model Unstandardized Coefficients StandardizedCoefficients t Sig.
Collinearity Statistics
B Std. Error Beta Tolerance VIF
(Constant) 543.283 7.252 74.913 0.000
FAC4_1 39.107 7.740 0.554 5.052 0.000 0.988 1.012
FAC3_1 −15.705 7.257 −0.237 −2.164 0.035 0.988 1.012
Ethanol US without COVID Variable
(Constant) 142.294 1.315 108.193 0
FAC2_1 10.697 1.389 0.731 7.700 0 0.900 1.111
FAC1_1 6.332 1.393 0.431 4.547 0 0.901 1.109
FAC4_1 4.094 1.408 0.264 2.909 0.005 0.982 1.018
Ethanol US with COVID Variable
(Constant) 144.590 1.402 103.143 0
Covid −22.579 4.548 −0.467 −4.965 0 0.927 1.079
FAC2_1 6.648 1.378 0.454 4.826 0 0.927 1.079
Note: Regression analysis of the price models based on the results of the factor analysis. Two factors were significant
for the EU price model, while three factors for the US model. The COVID variable had a significant impact on the
US ethanol prices only.
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5. Conclusions
This study showed that there were significant differenc s between the US and EU ethanol price
and that the gap betwe n the price trends in each region is widening. These differences were highly
dependent on he feedstock and o the structure of fuel consumption between the given regions.
Consequent y, the changes in ethanol prices in the two regions did not correlate with each other.
Changes in fertilizer prices also had a statistically reliable effect on ethanol prices in several cases,
but the trend and type of active ingredients also differed greatly between the two regions.
Based on the data available since the outbreak of COVID-19, the virus has reduced ethanol prices
in the US, while it has had no measurable impact on the European ethanol market. The virus has also
significantly reduced oil and phosphorus fertilizer prices but has had no effect on EU wheat prices.
All of this may be related to typical consumer responses to the spread of the virus (less travel, food
accumulation). In the US, the virus has significantly increased the price determinant role of maize.
Our factor analysis showed that the prices of sugar, maize, and competing final products (oil)
influenced the ethanol prices in the US. These influencing factors were the prices of key raw materials
and their inputs (corn, fertilizer) in the EU. COVID-19 did not change this in the EU, but in the US,
the virus clearly excluded oil and maize from the price determinants of ethanol. Ethanol prices are
expected to be greatly influenced by the spread of new generations of biofuels and the market of their
feedstocks in the future.
Regarding the relationships between ethanol, oil, and maize prices, our results correspond
with previous literature. However, the EU and US regional comparison and our major finding,
that COVID-19 did not affect EU ethanol prices, can be considered novel.
The major limitation of the study is the small number of observations currently available. The price
impacts of COVID-19 can be explained better when post-pandemic data are available. That would
make it possible to evaluate the regional level price recovery process as well. Another future research
path could be the use of further variables, such as competing energy products (e.g., natural gas or
biodiesel) or other raw materials (e.g., soybean, sugar beet, or sorghum).
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